of indole-3-butyric acid (IBA). The highest shoot initiation rates were achieved with apple cultivar "Principe Grande" (55%) and "Barburiña" pear cultivar (50%); the lowest rate was obtained with apple cultivar "Camoesa" (11%). Initiation rates for shoots culture varied between 22% and 37% for the other cultivars. The cytokinins BA, zeatin, 2-isopentyladenine (2iP) and thidiazuron ( 
Introduction
Apple (Malus x domestica) and pear (Pyrus communis) trees, both of which belong to the Rosaceae family, are very popular fruits in high demand because of their sweet taste and nutritional value. They are included among the best known and most highly consumed and economically important fruit trees in the world, along with citrus, Prunus fruits and table grapes. According to data published by FAO in 2013, an amount of 103,442,237 T of apples and pears were produced worldwide, making them two of the most widely produced fruits in the world [1] .
Most of the traditional cultivars of fruit trees, which are held in germplasm banks, are of increasing interest both in Spain and worldwide. The conservation of these cultivars over centuries has remarkable advantages as the trees are highly adapted to the environmental conditions of the sites and their fruits have particular organoleptic characteristics; they also represent a potential genetic reserve for future improvement plans, as well as being an irreplaceable cultural heritage resource. Germplasm banks play an important role in the conservation of fruit trees [2] . In Galicia (NW Spain), the Mabegondo Agricultural Research Center CIAM-INGACAL germplasm bank contains one of the largest numbers of genetically characterized apple [3] and pear trees, and is one of the few germplasm banks in Spain dedicated to conserving traditional fruit in field collections [4] . However, the phytosanitary status of these trees in the field, due to the traditional propagation system, is disturbed and many of them are infected by viruses, endophytic bacterias and mycoplasmas. Following the guidelines of the European and Plant Protection Organization [5] , which forms part of the World Trade Organization, fruit trees must be free of the most harmful viruses before the fruits can be marketed. The diseases must be eradicated and the material must be cleaned for long-term preservation in germplasm banks [6] . As it is well-known, in vitro culture of apical meristems [7] together with heat therapy are valuable tools for the recovery and eradication of the main viruses present in almost all apple and pear cultivars [8] . To carry this out, first of all it is essential the establishment of in vitro culture for micropropagation [9] , and secondly virus removal [10] and recovery of different cultivars.
Specific protocols are required for establishment, multiplication and rooting [11] [12] of the different fruit cultivars in order to be able to sanitize them. In vitro micropropagation has been reported in several cultivars of apple [13] and pear trees propagated in vitro [14] [28], but their efficiency depends on genotype and other factors [22] . Other cytokinins such as zeatin, 2iP and kinetin have also been tested in several studies and have generally been found to be less active [28] . The development of axillary buds as a multiplication method has been used in some fruit cultivars [29] as is one of the most effective methods of maintaining the genetic stability of cultivars.
The rooting and acclimatization success depends on the genotype of each cultivar, the different growth regulators used and external factors [11] .
The aim of this study has been the in vitro establishment of the different selected apple and pear trees cultivars for their multiplication and rooting in order to know their hormonal requirements for micropropagation and to acquire enough material for further investigation related with virus eradication.
Materials and Methods

Plant Material
Plant material of eight Galician traditional apple cultivars "Cacharela", "Camoesa", "Repinaldo", "Tres en Cunca", "Gravillán", "Ollo Mouro", "José Antonio"
and "Príncipe Grande", and two pear cultivars "Barburiña" and "Manteca Oscura" were obtained from apical buds of genetically characterized dormant cuttings.
Plant material belonging to the CIAM Germplasm Bank was collected in January 2012, 2013 and 2014.
Initiation of Aseptic Cultures, Media and Culture Conditions
Dormant cuttings were washed thoroughly under running tap water for twenty minutes and surface sterilized with 8% (w/v) Capluq-50 fungicide solution, before being dried and wrapped in plastic film. The cuttings were then stored at 4˚C for one month. The cuttings were sprouted in a phytotron, at 25˚C day and 18˚C night under a photoperiod of 16 hours. The new shoots of length more than 2 cm were excised and the basal end was sealed with paraffin wax. Then were sterilized with 10% sodium hypochlorite solution plus one drop of Tween 20® for 15 minutes and were washed three times with sterile distilled water in order to remove traces of chlorine before establishment on the in vitro culture.
All shoot tips (1.0 -1.5 mm) were isolated and cultured for four weeks on basal MS medium with mineral salts [30] 
Shoot Multiplication and Rooting
The explants were cultured for four weeks before being transferred to tubes ( 
Transplantation and Acclimatization of Plantlets
After 4 weeks culture in rooting medium, the rooted shoots were washed in water to remove agar debris and placed in 40-well trays containing a mixture of 60% blonde peat substrate, 20% crust, 10% coconut fiber and 10% black peat.
Each tray was placed in polystyrene boxes and covered with transparent plastic film to maintain high relative humidity and to allow entry of light. The trays were placed in a rooting chamber at a fixed temperature of 24˚C ± 2˚C with photoperiod of 16 light hours. After one month, the plantlets were transferred to greenhouse conditions, in a tunnel with a water spray fog irrigation system, mesh shading and warm bed to protect the shoots from low temperatures. The plantlets were held for one week under these conditions before the film was removed from each tray and the tunnel cover was opened slowly. Finally, the surviving rooted plantlets were transferred to individual pots containing substrate of the same composition and placed in a greenhouse, with shading mesh, controlled misting and environmental photoperiod. Percentage survival data were determined 4 weeks after transplanting the plantlets.
Statistical Analysis
The shoot multiplication developed with cytokinins (BA, Zea, 2iP and TDZ) at ), plus control in (MS 0) for each apple and pear tree cultivar data resulted in a total of 24 treatments in each cultivar (n = 54). These data were analyzed using the statistical package SPSS version 20.0 [32] . Analysis of variance (AN-OVA) was performed (P < 0.05). Finally, Tukey's HSD post-hoc test (P < 0.05) was applied for comparison of means.
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Results
Initiation of Aseptic Cultures and Establishment
The number of apical buds from axillary shoots available in each of the cultivars was variable due to the different size of the cuttings collected in the field. On the Antonio" and the pear cultivar "Barburiña" (both with a survival rate of 50%) ( Table 1 ). The survival rates of the remaining apple and pear cultivars were between 22 and 37%. The lower survival rate was in the apple cultivar "Camoesa" with only 11%.
Shoot Multiplication
For all cultivars, the effects of different concentrations of cytokinins on in vitro axillary shoot development are presented in the following figures (Figures 1-4) .
The best response to micropropagation of the eight apple and two pear culti- 
Rooting and Plantlet Acclimatization
Emergence of the root primordia at the basal part of the shoots was observed after two weeks. The percentage of rooted shoots, the number of roots developed per rooted shoot, and the length of the longest root were recorded after culture of the explants for four weeks under the established light and temperature con- mean number of 5.67 roots per shoot in the cultivar "Camoesa" and of 4.12 roots in the cultivar "Repinaldo" (Table 2 ), but lower rooting rates and number of roots were obtained when the shoots of both of these cultivars were transferred to MS0 medium without auxin (Table 2) . Some shoots only rooted in medium containing auxin ("Cacharela" and "Príncipe Grande"), while other cultivars only rooted successfully in the basal medium MS0 ("Ollo Mouro" and pear American Journal of Plant Sciences "Manteca Oscura"). The apple cultivar "Tres en Cunca" did not root under any of the conditions studied. The survival rates of the plantlets acclimatized for four weeks were very variable (Table 2) being 100% in "Principe Grande" and values between 50% and 96.8% for the other cultivars of both apple and pear trees. The complete procedure for micropropagation is illustrated in Figure 6 . ) [31] . The combined effect of BA and GA 3 for establishment of the in vitro culture of fruit trees has previously been reported for pear trees [14] and apple trees [21] , even when starting from buds and apple tree nodes [33] .
Discussion
A. Lizárraga et al. The data are expressed as means ± SD. The different letters indicate significant differences in the means between treaments (Tukey P = 0.05). The cultivars marked with *belong to pear trees. American Journal of Plant Sciences The presence of GA 3 together with BA and IBA promotes growth of established buds [26] ; however, some authors indicate that GA 3 inhibits the development of apple shoots at the multiplication stage and even at the rooting stage [34] . In the present study with the eight apple and two pear cultivars, MS medium supplemented with BA (1 mg•L proved suitable for establishing all selected cultivars. However, GA 3 was suppressed from multiplication stage media.
BA is one of the most commonly used and effective cytokinins for developing axillary buds in both apple and pear [35] [36] . Other cytokinins such as Zea, 2iP and kinetin [37] are less commonly used, and the use of phenylurea derivatives such as thidiazuron and N-2-chloro-4-pyridyl)-N-phenylurea (CPPU) is sometimes described on shoot proliferation in pear cultures [38] . However, theeffectiveness of any of these cytokinins in the multiplication medium will depend primarily on the genotype of the cultivar [28] .
Several authors have reported the use of shoot tips of a few millimeters for the establishment [39] [40] specially to eradicate viruses. In our study, for very small apical shoots (<3 mm) we placed a sterile filter paper disc in the upper part of the setting medium, avoiding, to a great extent, the rapid proliferation of endophytic bacteria in the establishment phase. This allowed the development of shoot tips by improving the survival rate of the in vitro starting material.
At the multiplication stage, the in vitro induction of axillary buds capable of forming shoots is widely used to propagate fruit trees. Furthermore, the risk of mutation in clones derived from axillary buds is much lower than the risk of mutation during organogenesis from callus. Both BA and TDZ are the most frequently used cytokinins in apple regeneration and they have been compared in several studies [28] . TDZ has been found to be more effective than BA for shoot regeneration in numerous trials [25] [41] [42] . The optimal TDZ concentration largely depended on genotype. We found that growth media containing the highest level of TDZ (1 . Even though the regenerated shoots did not hyperhydric in many apple and pear cultivars, visible differences were observed in the morphology of regenerated shoots: more compact shoots with short internodes and small rolled leaves with wavy edges.
Results from studies with Pyrus pyrifolia showed that the presence of hyperhydricity in the explants was influenced by the type of cytokinin. In our study, more hyperhydric buds appeared when TDZ instead than BA or cytokinins derived from adenine were used, and the concentration had little influence [44] , TDZ had a stronger effect on hyperhydricity, as also observed in Malus pumila [42] . The results of the present study showed that high concentrations of TDZ or BA were more important in relation to the formation of hyperhydric shoots than whether the cytokinin was derived from phenylurea or adenine. ). Regenerated plantlets were successfully transferred to the greenhouse for acclimatization. However, production of a limited number of plantlets has been achieved in some cultivars due to the low rate of in vitro rooting in MS0 medium. In addition, genotype strongly influenced the process of acclimatization to ex-vitro conditions, which is another factor limiting the success of micropropagation of these fruit trees cultivars.
The most responsive cytokinins for inducing axillary buds from apple and pear shoots were TDZ and BA, while Zea and 2iP were much less effective. TDZ was more effective than BA for producing buds in all apple and pear cultivars tested. In both pear cultivars and the apple cultivars "Jose Antonio" and "Tres en 
Conclusion
To conclude, BA and TDZ proved to be the most effective cytokinins for multiplication of all apple and pear cultivars tested, varying the optimal concentration according to the genotype. But the use of TDZ was ruled out because of malformations in leaves and stems in all cultivars, although with the three concentrations of TDZ higher rates of multiplication were obtained. The presence of IBA 0.1 mg•L −1 in the rooting medium was effective only on five apple cultivars, but did not have a positive response (less than 10%) on root formation in the remaining apple and pear tree cultivars selected.
